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Riser Assembly and Method for Coupling 
Peripheral Cards to a Motherboard 

FIELD OF THE INVENTION 
[0001] The invention relates generally to computer systems and, more particularly, to 
a riser assembly for coupling peripheral cards to a circuit board. 

BACKGROUND OF THE INVENTION 
[0002] Computer systems, such as desktop computers, laptop computers, work 
stations, and servers, are well known in the art. These computer systems typically 
include a system board, or motherboard, secured within a chassis. Other components, 
such as a hard disk drive, floppy disk drive, CD ROM drive, one or more cooling fans, 
and a power supply, are also mounted within the chassis. A computer system may also 
include one or more built-in peripheral devices, including a keyboard, mouse, video 
display, and both serial and parallel ports. 

[0003] A typical motherboard comprises a large printed circuit board having a 
number of components mounted thereon, including a processor coupled to a host or local 
bus, a chip set, system memory (e.g., SDRAM) coupled to a memory bus, and a 
Peripheral Component Interconnect (PCI) bus. See, e.g., PCI Local Bus Specification, 
Revision 2.2, and PCI-X Specification, Revision 1.0a. The chip set bridges the PCI bus 
with the local bus and also bridges the PCI bus to each of an Industry Standard 
Architecture (ISA) bus and a Small Computer System Interface (SCSI) bus, if present. 
See, e.g., SCSI-3. The chip set may also provide a system memory controller and bridge 
the memory bus to the local bus (as well as to the PCI bus). In addition, a motherboard 
typically includes input/output (I/O) connectors, floppy disk and hard disk drive 
connections, as well as circuitry for controlling any built-in peripheral devices - e.g., 
hard disk drives, floppy disk drives, and CD ROM drives, as noted above. 
[0004] Generally, one or more card connectors (also referred to as card slots or card 
sockets) are located on a motherboard, each card connector for receiving a peripheral 
card. A peripheral card (also referred to as an expansion card, expansion board, or 
daughterboard) is added to a computer system to enhance that system's capabilities. For 
example, a peripheral card may provide a network interface, enhanced audio capability. 
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or enhanced graphics. A peripheral card, as well as the card connector into which it is 
inserted for coupling to the motherboard, is typically PCI compatible or ISA compatible, 
such that the peripheral card (and connector) can be coupled to the PCI bus or ISA bus, 
respectively. Those of ordinary skill in the art will appreciate that peripheral cards and 
connectors may be manufactured or configured to meet other well known standards. 
[0005] The PCI specification defines the PCI bus and a corresponding bus transfer 
protocol for interconnecting with any "PCI devices." As used herein, the term "PCI 
device" refers to any PCI compatible device, hardware, or component. Included in the 
PCI bus - or integrated into the chipset - is a bus arbitrator for evaluating pending 
requests by PCI devices for access to the PCI bus. Every PCI device (and the card 
connector coupling that device to the motherboard and, hence, to the PCI bus) includes a 
pair of arbitration lines connecting it directly to the bus arbitrator - a request (REQ#) line 
and a grant (GNT#) line. When a PCI device requires use of the PCI bus for a transaction 
(e.g., a data transfer), that device asserts a REQ# signal on its request line. When the bus 
arbitrator has determined that the requesting PCI device should be granted control of the 
PCI bus, it asserts a device-specific GNT# signal on the grant line of the requesting 
device. Any transactions conducted across the PCI bus, including bus arbitration, are 
generally synchronized to a PCI clock (PCI CLK) signal. During a transaction performed 
by a PCI device, the PCI device may assert or receive a number of other signals, 
including address and data signals, interrupt requests, and transaction control signals. 
Thus, every PCI device must be coupled (via its corresponding card connector or other 
interface) to the PCI bus by a plurality of signal lines. 

[0006] The manufacture of motherboards is highly standardized, and a motherboard 
may be fabricated according to any one of a number of common specifications. For 
example, a motherboard may be manufactured in accordance with the ATX specification 
(see ATX Motherboard Specification, Release 2.03, December 1998), the microATX 
specification (see microATX Motherboard Interface Specification, Version 1.0, 
December 1997), or the NLX specification (see NLX Motherboard Specification, Release 
1.8, April 1999), as well as other specifications. Motherboards meeting one of these 
specifications are readily available in the market. Customized motherboard 
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configurations are generally available; however, non-standard board layouts are less 
preferred due to higher production costs. 

[0007] There is presently an increasing demand - in applications such as rack 
mounted servers and portable computers - for computer systems and chassis exhibiting a 
low profile or small "form factor." As used herein, the term "form factor" refers 
generally to a height or thickness of a computer system or chassis relative to its lateral 
dimensions. Thus, depending on its orientation within a chassis, the "form factor" of a 
motherboard may be its relative height dimension as measured transverse to the plane of 
the motherboard. To satisfy the demand for such low profile computer systems, 
manufacturers must provide motherboard assemblies exhibiting a small form factor and 
adapted for mounting in a small form factor chassis. However, card connectors are 
typically mounted to a motherboard such that a peripheral card inserted into the card 
connector is oriented transverse to the plane of the motherboard. When installed, a 
peripheral card can extend a relatively great distance above a motherboard, making the 
motherboard assembly incompatible with a small form factor chassis. 
[0008] To adapt a motherboard assembly having a plurality of peripheral cards 
coupled thereto - at least some of which peripheral cards violate the form factor of the 
intended chassis - it is known in the art to use a riser card. A typical riser card comprises 
a low profile circuit board adapted for insertion into a card connector on the motherboard 
and having a plurality (e.g., three) of secondary card connectors mounted thereon, each of 
these secondary card connectors providing a point of insertion for mounting a peripheral 
card parallel to the plane of the motherboard. Such a riser card assembly can provide a 
low profile motherboard assembly capable of fitting within a small form factor chassis; 
however, additional conductors or other communication paths must be routed to the card 
connector that receives the riser card to provide signal lines (e.g., the REQ#, GNT#, and 
PCI CLK signals, as well as others) for any peripheral cards in excess of one. Thus, a 
customized motherboard must be designed and manufactured to accommodate the riser 
card and requisite signal lines and, as noted above, such customized motherboards 
increase manufacturing costs. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] FIG. 1 shows a plan view of an exemplary embodiment of a conventional 
motherboard assembly. 

[0010] FIG. 2 shows an elevation view of the conventional motherboard assembly 
illustrated in FIG. 1 . 

[001 1] FIG. 3 shows a plan view of another exemplary embodiment of a conventional 
motherboard assembly. 

[0012] FIG. 4 shows an elevation view of the conventional motherboard assembly 
illustrated in FIG. 3. 

[0013] FIG. 5 shows an elevation view of a motherboard assembly including one 
embodiment of a riser card assembly according to the present invention. 
[0014] FIG. 6 shows a partial elevation view of a motherboard assembly including 
another embodiment of a riser card assembly according to the present invention. 
[001 5] FIG. 7 shows a partial elevation view of a motherboard assembly including a 
further embodiment of a riser card assembly according to the present invention. 
[0016] FIG. 8 shows a plan view of a computer system including a motherboard 
having a riser card assembly as illustrated in FIG. 5. 

DETAILED DESCRIPTION OF THE INVENTION 
[0017] Embodiments of a riser card assembly and method providing a small form 
factor coupling between a plurality of peripheral cards and a motherboard will now be 
explained in detail. The embodiments of a riser card assembly and method described 
herein are illustrated in the context of coupling PCI compatible peripheral cards, of PCI 
devices, to a standard motherboard, such as an ATX motherboard. However, the 
following detailed description is only exemplary and is presented without limitation, and 
those of ordinary skill in the art will understand that the present invention is applicable to 
coupling any type of peripheral card to any motherboard configuration - or, generally, to 
any circuit board - irrespective of the particular architecture or specifications employed. 
[0018] A conventional motherboard assembly 100 is shown in FIGS. 1 and 2. The 
motherboard assembly 100 includes a motherboard 105 comprised of, for example, a 
circuit board material having a plurality of circuit traces or other signal lines formed 
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thereon. The motherboard 105 may comprise an ATX compatible motherboard, or a 
motherboard built in accordance with any other suitable specification. Mounted on the 
motherboard 105 is a processor 110, which may comprise any processor known in the art. 
A plurality of memory slots 120, each for receiving a memory module (e.g. an SDRAM 
module), are also mounted on the motherboard 105. A power cormector 130 couples the 
motherboard 105 to a power supply (not shown) to provide power to the devices and 
components mounted thereon. A plurality of floppy disk and hard disk drive cormectors 
140 are provided on the motherboard 105 to couple these peripheral devices with the 
motherboard 105. The motherboard 105 may also include one or more I/O ports 150. 
For clarity, the power cormector 130, floppy disk and hard disk drive connectors 140, and 
I/O ports 150 are omitted from FIG. 2. 

[0019] Mounted on motherboard 105 are a plurality of PCI compatible card 
connectors 160, each card cormector 160 adapted to receive a PCI compatible peripheral 
card 10. By way of example, as shown in FIG. 2, each of the card cormectors 160 may 
have a peripheral card 10 inserted therein and coupled to the motherboard 105. Each of 
the card connectors 160 is coupled via a plurality of signal lines 162 to a chip set 170. 
The signal lines 162 enable signals, such as the REQ#, GNT#, and PCI CLK signals, as 
well as interrupt requests, address and data signals, and transaction control signals, to be 
communicated between the chip set 170 and the peripheral cards 10. For example, at 
least a REQ# line 162a and a GNT# line 162b may couple each of the card connectors 
160 - and the peripheral card 10 inserted therein - to the chip set 170. 
[0020] Referring to FIG. 2, the peripheral cards 10, when inserted into their mating 
card connector 160, are oriented substantially transverse to the motherboard 105 and 
extend above the upper surface of motherboard 105 to a height 109. Although all of the 
peripheral cards 10 illustrated in FIG. 2 extend to substantially the same height 109, those 
of ordinary skill in the art will appreciate that, in practice, all of the peripheral cards 
moimted on a motherboard may not be of equal dimensions. The transverse height 109 of 
the peripheral cards 10 above the motherboard 105 is relatively large (in comparison to 
the lateral dimensions of the motherboard 105), and the motherboard 105 exhibits a form 
factor incompatible with the small chassis form factors required for many current and 
future computer systems. 
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[0021] To overcome the large form factor exhibited by conventional motherboard 
assemblies, such as the motherboard assembly 100 shovra in FIGS. 1 and 2, it is known 
to couple peripheral cards to a motherboard user a riser card. Such a motherboard having 
a riser card is illustrated in FIGS. 3 and 4. Referring to these figures, a motherboard 
assembly 200 includes a motherboard 205 comprised of, for example, a circuit board 
material having a plurality of circuit traces or other signal lines formed thereon. The 
motherboard 205 may comprise an ATX compatible motherboard, or a motherboard 
configured according to any other suitable specification. Mounted on the motherboard 
205 is a processor 210, which may comprise any processor known in the art. A plurality 
of memory slots 220, each for receiving a memory module (e.g. an SDRAM module), are 
also mounted on the motherboard 205. A power connector 230 couples the motherboard 
205 to a power supply (not shown) to provide power to the devices and components 
mounted thereon. A plurality of floppy disk and hard disk drive connectors 240 are 
provided on the motherboard 205 to couple these peripheral devices with the 
motherboard 205. The motherboard 205 may also include one or more I/O ports 250. 
For clarity, the power connector 230, floppy disk and hard disk drive connectors 240, and 
I/O ports 250 are omitted from FIG. 4. 

[0022] Mounted on motherboard 205 are one or more PCI compatible card 
connectors 260, each card coimector 260 adapted to receive a PCI compatible peripheral 
card 10. Each of the card connectors 260 is coupled via a plurality of signal lines 262 to 
a chip set 270. The signal lines 262 enable signals, such as the REQ#, GNT#, and PCI 
CLK signals, as well as interrupt requests, address and data signals, and transaction 
control signals, to be communicated between the chip set 270 and any peripheral cards 10 
inserted in card connectors 260. For example, at least a REQ# line 262a and a GNT# line 
262b may couple each of the card connectors 260 - and any peripheral card 10 inserted 
therein - to the chip set 270. 

[0023] Each of the card connectors 260 may receive a peripheral card 10 in a manner 
similar to the motherboard assembly 100 illustrated in FIGS. 1 and 2. Alternatively, as 
shown in FIG. 4, at least one card connector 260 may have a riser card 280 inserted 
therein and oriented substantially transverse to motherboard 205. The riser card 280 
comprises, for example, a circuit board having a plurality of secondary card connectors 
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283 mounted to its opposing surfaces. The secondary card connectors 283 are each 
adapted to receive a peripheral card 10 and to orient that peripheral card 10 substantially 
transverse to the riser card 280 and, hence, substantially parallel to the upper surface of 
the motherboard 205. Thus, the riser card assembly (i.e., riser card 280, secondary card 
connectors 283, and peripheral cards 10) extends above the upper surface of the 
motherboard 205 a height 209 substantially corresponding to the upper end 281 of the 
riser card 280. By appropriate dimensioning of riser card 280, the height 209 can be 
selected to provide a form factor that is significantly less than the form factor of the 
motherboard assembly 100 of FIGS. 1 and 2 and that is compatible with a small form 
factor chassis. 

[0024] To achieve such a small form factor, however, the motherboard 205 and at 
least one of the card connectors 260 must be modified to receive the riser card 280. 
Specifically, the motherboard 205 and the card connector 260 receiving riser card 280 
must be adapted to route communications between the chip set 270 and all peripheral 
cards 10 moxmted to the riser card 280 through that card connector 260. By way of 
example, as illustrated in FIG. 3, a supplemental connector 265 may be associated with a 
card connector 260 to adapt that card connector 260 to receive a riser card 280. The 
supplemental connector 265 is coupled to the chip set 270 by a plurality of signal lines 
262 enabling communication (e.g., REQ#, GNT#, and PCI CLK signals, as well as 
others) between the chip set 270 and any peripheral cards 10 in excess of one mounted on 
the riser card 280. For example, at least a REQ# line 262a and a GNT# line 262b may 
couple the supplemental connector 265 - and any peripheral card 10 in excess of one 
mounted on the riser card 280 - to the chip set 270. 

[0025] In an altemative configuration (not shown), a motherboard may simply have a 
single card connector adapted to receive a riser card. In such a configuration, the 
motherboard and single card connector are adapted to route all signal lines between the 
chip set and peripheral cards (as well as the secondary card connectors on the riser card) 
through the single card connector. 

[0026] Thus, as illustrated above, one can achieve a small form factor motherboard 
assembly using conventional riser cards. However, in order to provide the necessary 
signal lines between a chip set and any peripheral cards, these conventional riser cards 
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require a specially adapted motherboard and card connector. As noted above, use of such 
customized motherboard configurations, although generally available, is undesirable due 
to the increased costs associated with the manufacture or acquisition of non-standard 
motherboards. 

[0027] Shown in FIGS. 5 through 7 are various embodiments of a riser card assembly 
and method providing a small form factor coupling between a motherboard and a 
plurality of peripheral cards. Referring to FIG. 5, a motherboard assembly 300 includes a 
motherboard 105 having a processor 110 coupled thereto, as shown in FIGS. 1 and 2. 
Again, the motherboard 105 may comprise an ATX compatible motherboard, or a 
motherboard built according to any other suitable specification. The motherboard 105 
also includes a plurality of memory slots 120, a power connector 130, a plurality of 
floppy disk and hard disk drive connectors 140, and one or more I/O ports 150 (the power 
connector 130, floppy disk and hard disk drive connectors 140, and I/O ports 150 being 
omitted from FIG. 5 for ease of understanding). 

[0028] As noted above, the motherboard 105 includes a plurality of PCI compatible 
card connectors 160, each of the card connectors 160 adapted to receive a PCI compatible 
peripheral card 10. The card connectors 160 are each coupled via a plurality of signal 
lines 162 to a chip set 170 (see FIG. 1). The signal lines 162 enable signals, such as the 
REQ#, GNT#, and PCI CLK signals, as well as interrupt requests, address and data 
signals, and transaction control signals, to be communicated between the chip set 170 and 
any peripheral cards 10 mounted to the motherboard 105. At least a REQ# line 162a and 
a GNT# line 162b may couple each of the card connectors 160 to the chip set 170. A 
signal line 162 may comprise any communication path, whether electrical or optical, 
known in the art. 

[0029] A riser card assembly 380 couples one or more peripheral cards 1 0 to the 
motherboard 105. The riser card assembly 380 comprises a moimting portion 390 and a 
routing portion 395. The mounting portion 390 is coupled to any one of the card 
connectors 160 on circuit board 105 and includes one or more secondary card connectors 
393, each secondary card connector 393 for receiving a peripheral card 10 and orienting 
that peripheral card 10 relative to the motherboard 105 in a configuration providing a 
small form factor. By way of example, as illustrated in FIG. 5, the mounting portion 390 
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may comprise a substantially vertical riser card inserted into a card cormector designated 
160m and having two secondary card connectors 393 secured thereto - one secondary 
card connector 393 mounted on each of opposing sides of the vertical riser card. Each 
secondary card connector 393 is adapted to receive a peripheral card 10 and to orient that 
peripheral card 10 substantially parallel to the motherboard 105. 
[0030] Although the card connectors 160 and secondary card connectors 393 may 
comprise different connectors, the separate designations of "card connector" and 
"secondary card connector" are used herein simply for ease of xmderstanding. Those of 
ordinary skill in the art will understand that, in practice, a secondary card connector 393 
on mounting portion 390 may be identical or similar to the card connectors 160 on 
motherboard 105. Thus, no unnecessary limitations should be inferred from the language 
or terms used to describe the card connectors 160, 393. 

[003 1] The mounting portion 390 includes circuitry or other communication paths to 
couple the signal lines 162 received at its mating card connector 160m to one of the 
secondary card connectors 393. Thus, one peripheral card 10 attached to moxmting 
portion 390 will receive signals - i.e., REQ#, GNT#, PCI CLK, interrupt requests, 
address and data signals, and transaction control signals - from chip set 170 via the card 
connector 160m and mounting portion 390. For example, the mounting portion 390 may 
include circuitry to couple at least a REQ# line 162a and a GNT# line 162b from the card 
connector 160m to one peripheral card 10, as well as its mating secondary connector 393. 
All other peripheral cards 10 attached to mounting portion 390 are coupled to the chip set 
170 via the routing portion 395, as will be explained in greater detail below. 
[0032] It should be understood that the mounting portion 390 shown in FIG. 5 is only 
exemplary, and that the mounting portion 390 may be of any suitable structure or 
configuration adapted to provide a small form factor coupling of one or more peripheral 
cards 10 to motherboard 105. For example, the mounting portion 390 may comprise a 
structure that is oriented non-transverse to the motherboard 105 and/or that orients any 
attached peripheral cards 10 non-parallel to the motherboard 105. Also, although 
illustrated as a generally rectangular plate, the mounting portion 390 may comprise other 
alternative shapes. The moxmting portion 390 may be comprised of any suitable material 
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or combination of materials, including, for example, a circuit board material, a plastic 
material, or a composite material. 

[0033] As noted above, the mounting portion 390 couples (via circuitry on mounting 
portion 390 and signal lines 162 at its mating card connector 160m) only one peripheral 
card 10 to the chip set 170. The routing portion 395 routes all of the signal lines 162 - or 
a selected portion thereof - coupled to an adjacent card cormector 160r from that card 
connector 160r to the mounting portion 390. The routing portion 395 includes circuitry 
or other communication paths to couple the signal lines 162 received at its mating card 
connector 160r to corresponding communication paths on the mounting portion 390, the 
mounting portion 390, in turn, routing these corresponding conmiunication paths to 
another one of the secondary card connectors 393 mounted thereon. Thus, a second 
peripheral card 10 may be attached to mounting portion 390, and this peripheral card will 
receive signals from chip set 170 via the card connector 160r, routing portion 395, and 
mounting portion 390. For example, the routing portion 395, as well as the mounting 
portion 390, may each include circuitry to couple at least a REQ# line 162a and a GNT# 
line 162b from the card connector 160r to the second peripheral card 10 and its mating 
secondary connector 393. It should be understood that the card connector 160r (receiving 
routing portion 395) and the card connector 160m (receiving mounting portion 390) do 
not necessarily lie directly adjacent to one another but, rather, may be separated by one or 
more intervening card connectors 160. 

[0034] Routing portion 395 may comprise any suitable structure that routes the signal 
lines 162 from adjacent card connector 160r to the mounting portion 390. As shown in 
FIG. 5, the routing portion 395 may comprise a riser 397 inserted in card connector 160r 
coupled with another riser 398 that, in turn, is coupled to the mounting portion 390. The 
risers 397 and 398 may be of any suitable configuration and orientation. For example, 
the riser 397 may be oriented substantially transverse to the motherboard 105 and the 
riser 398 may be oriented substantially parallel to the motherboard 105. The risers 397 
and 398 may each comprise a circuit board material, a plastic material, a composite 
material, or any other suitable material or combination of materials. Also, the risers 397 
and 398 may comprise separate parts or, optionally, may be formed as a single, integrated 
part. In an alternative embodiment, the routing portion 395 comprises a cable or other 
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flexible coupling - such as, for example, a flat ribbon cable - coupled between the 
mounting portion 390 and the adjacent card connector 160r. 

[0035] The mounting portion 390 and routing portion 395 may comprise separate 
parts secured to one another by any suitable method coupling the communication paths in 
routing portion 395 to corresponding communication paths in the mounting portion 390. 
By way of example, any suitable connector or socket may provide both a mechanical and 
electrical (or optical) coupling between the routing portion 395 and the mounting portion 
390. Alternatively, a rigid mechanical and electrical connection (e.g., solder) may secure 
the routing portion 395 to the mounting portion 390. In a further embodiment, the 
mounting portion 390 and routing portion 395 may comprise a single, integrated 
component. 

[0036] The riser card assembly 380 orients any attached peripheral cards 10 relative 
to the motherboard 105 in a configuration providing a small form factor. For example, 
one or more peripheral cards 10 may be oriented substantially parallel to the motherboard 
105 (see FIG. 5), such that the riser card assembly 380 extends to a height 309 above the 
upper surface of the motherboard 105. The height 309 essentially corresponds to the top 
391 of the mounting portion 390. Thus, by appropriate dimensioning of the riser 
assembly 380, the height 309 can be selected to provide a low profile motherboard 
assembly 300 compatible v^th a small form factor chassis; however, because the riser 
card assembly 380 provides all necessary signal routing, a customized motherboard is not 
required to achieve a small form factor. 

[0037] The riser card assembly 380 of FIG. 5 may be adapted to any suitable 
configuration. For example, in the embodiment shown in FIG. 6, a motherboard 
assembly 400 may include a riser card assembly 480 comprised of a mounting portion 
490 and two routing portions 495a, 495b. As illustrated, the routing portion 495b 
comprises a flexible coupling, such as a flat ribbon cable. Accordingly, because the riser 
card assembly 480 includes two separate routing portion 495a, 495b, the riser card 
assembly 480 is capable of coupling three peripheral cards 10 to the motherboard 105. 
[0038] Referring to FIG. 7, in another embodiment, a motherboard assembly 500 
includes a riser card assembly 580 comprised of a mounting portion 590 and a first 
routing portion 595a. The first routing portion 595a couples the signal lines 162 leading 
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to its mating connector 160r to the mounting portion 590. The riser card assembly 580 
also includes a second, compound routing portion 595b. The compound routing portion 
595b is inserted into two separate card connectors 160r\ 160r" and couples the signal 
lines 162 from each of the two separate card connectors 160r\ 160r" to the mounting 
portion 590. Thus, the riser card assembly 580 may couple four peripheral cards 10 to 
the motherboard 105. It should be understood that the card connectors 160r', 160r" may 
each be coupled to the mounting portion 590 by a separate routing portion. 
[0039] Referring now to FIG. 8, a computer system 5 includes a motherboard 
assembly 100 secured within a chassis 7, such as a small form factor chassis. The 
computer system includes a power supply 20 and one or more cooling fans 60. The 
computer system may also include one or more built-in peripherals. For example, one or 
more of a hard disk drive 30, a floppy disk drive 40, and a CD ROM drive 50 may be 
disposed within the chassis 7. The motherboard assembly 100 is similar to that described 
with respect to FIGS. 1 and 2 and includes a riser card assembly 380 as shown and 
described with respect to FIG. 5. Accordingly, the motherboard assembly 100 may 
include one or more peripheral cards 10 oriented in a small form factor configuration and 
disposed v^thin chassis 7 (see also FIGS. 6 and 7). Also, the peripheral cards 10 coupled 
to motherboard 105 via riser card assembly 380 may be configured to align with access 
ports (not shown) in the chassis 7. 

[0040] Riser card assemblies 380, 480, 580 providing a small form factor having 
been herein described, those of ordinary skill in the art will appreciate the advantages 
thereof Two or more peripheral cards may be coupled to a motherboard - or, generally, 
to a circuit board - in a configuration providing a low profile. However, because the riser 
card assemblies 380, 480, 580 provide all necessary signal routing, a customized 
motherboard is not required to achieve a small form factor. Also, as illustrated in the 
exemplary embodiments of a riser card assembly 380, 480, 580 disclosed herein, a small 
form factor may be achieved using a broad array of signal routing and structural 
configurations. 

[0041] The foregoing detailed description and accompanying drawings are only 
illustrative and not restrictive. They have been provided primarily for a clear and 
comprehensive imderstanding of the present invention and no unnecessary limitations are 
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to be understood therefrom. Numerous additions, deletions, and modifications to the 
embodiments described herein, as well as altemative arrangements, may be devised by 
those skilled in the art without departing from the spirit of the present invention and the 
scope of the appended claims. 
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